Abstract : In turbulent times of crisis the variability of both EBIT and operating revenue increase in comparison to a relatively stable post crisis period. The main aim of this paper is to investigate this relationship across these two periods. The hypothesis is that the degree of operating leverage (DOL) is significantly higher during the crisis period (2007)(2008)(2009)(2010) than in the post-crisis period (2011)(2012)(2013)(2014)(2015). Additionally the authors checked whether there were significant differences across defined industries and also verified whether all industries had responded in the same way to Financial Crisis as far as DOL is concerned. 
Introduction
Each business entity which takes decisions as to how to distribute resources is exposed to the risk of volatile conditions that affect the decision taken. For example, the choice of a specific basket of goods by the consumer ceases to be optimal if at the time of the purchase the price of at least one of the goods is different than at the moment when the decision was taken. Another example, which is a common experience of all companies, is a level of sales that diverges from the plan. If entrepreneurs sell less than planned they will make a lower operating profit and the decrease will bring a lower net profit. The relationships between the decreased levels may be more or less strongly correlated.
A commonly accepted definition of the measure expressing the level of operating risk is (Arellano & Scofield, 2014) :
where: DOL -degree of operating leverage, %ΔEBIT -relative change in EBIT (operating profit), %ΔR -relative change in revenues from sales that changes only under the influence of changes in sales volume; an analysis of operating leverage assumes a constant sales price. Some basic transformations lead to the static version of the DOL formula: 
where: Q -quantity sold, p -price, v -unit variable cost, F -total fixed cost. The ultimate formula shows that the higher the fixed costs, the higher is DOL and the higher the last year's operating profit the lower is the operating risk. Hence in the crisis period falling operating profits with fixed costs constant in the short run produce a rising DOL showing an increase of the operating risk. Afterwards, in the post-crisis period, companies experience rises of their EBIT and have time to reduce fixed costs. This leads authors to the main hypothesis:
H 1 -Operating risk measured by the degree of operating leverage is higher within the crisis period than in the post-crisis period.
The same static formula enables the presumption that companies more heavily burdened by fixed costs experience a higher operating risk:
H 2 -The industries may be ordered according to the diminishing value of DOL as follows: electricity, gas and water supply (EGW), manufacturing, other services and trade.
A three-stage approach was adopted in this paper. First, the operating risk at the level of individual company was analyzed and the changes in DOL value between two subperiods: 2007-2010 were observed and compared, which is called the crisis period and 2011-2015 which is called the post-crisis period. The crisis period was expanded by incorporating the years 2007 and 2010.
The authors intended to include the years directly before and after the crisis in order to capture the scale of downward and upward changes in the level of economic activity.
Second, the level of DOL in selected industries was observed and compared with the level of DOL for the entire research sample. Third, the reaction of companies in selected industries to the Financial Crisis was analyzed to seek an answer as to whether all selected industries reacted in the same way to such an impulse in terms of the DOL level. The paper is structured in the following way. Section 1 is devoted to a literature review. Section 2 deals with the research method. Section 3 discusses the database and variables used and their statistics. Results are presented and discussed in Section 4. The paper is closed with Conclusions.
Literature review
How the changes in the sales volume affect the change in operating profit depends on the scale of operating risk. Some authors define operating risk as the possibility of divergence of operating profit from its projected value (Brigham, 1995) .
Estimating the degree of operating leverage based on empirical data was initially carried out by means of Lev's (1974) pioneering method. He examined the relationship between the levels of operating and financial leverage and the systematic risk for 121 US public companies from the sectors of: electricity, steel and fuel production. Another approach to DOL estimation was adopted by Mandelker and Rhee (1984) . Starting with the treatment of the degree of operating leverage as a measure of elasticity they estimated the DOL using the regression equation (Mandelker & Rhee, 1984, p. 50) .
The second canonical approach to estimating the degree of operating leverage is O'Brien's and Vanderheiden 's idea (1987) . They proposed estimating DOL in two stages. First. they estimated the trend equation for natural logarithms of operating profit and sales revenue (O'Brien & Vanderheiden, 1987, p. 47) . In the second stage the estimated parameters independent from time viable of these two equations are combined in the next regression function. In this function the slope is the proxy for DOL.
An independent comparison of the methods (M&R) and (O&V) was made by Dugan and Shriver (1992) . Using the data from 245 companies in seven industries they counted their DOL using both methods. They adopted two hypotheses. First, the degrees of operating leverage for a given industry are the same for both methods. Secondly, the share of companies with a DOL factor higher than 1 is the same, regardless of the method used (Dugan & Shriver, 1992, pp. 314-315) . The first hypothesis was rejected and so was the second. The (O&V) method brought a much larger percentage of companies with DOL > 1.
The inability to obtain financial data on the division of operating costs into fixed and variable ones forced the researchers who studied relationships between accounting measures of risk and market systematic risk to use a surrogate measure for the degree of operating leverage (proxies). Novy-Marx used the ratio of operating costs to assets (2011). Gulen, Xing and Zhang accepted the share of fixed assets in total assets as a surrogate variable (2011). None of these attempts brought DOL estimates that can be interpreted from a managerial point of view.
Considering the problem of the business cycle and operating risk it is worth mentioning the article of Gulen, Xing and Zhang once more (2011).They speculate that the expected returns of value firms covary more with recessions than the returns of growth firms as value firms are less flexible than growth firms in adjusting to recessionary shocks. Aguerrevere (2009) extends the model of Carlsson, Fisher and Giammarino (2004) to consider the effects of a firm's investment interaction on competitive markets. He found that the effect of competition on a firm's risk depends on the demand for the industry output, which is higher in times of economic growth and lower in the periods of crisis. The results of previous studies prove the impact of business cycles on the operating risk at company level.
Research method
This section describes the empirical method used in this paper to achieve the research goal. In order to estimate the level of DOL a general form of panel model was utilized:
where:
%∆EBIT it -yearly percentage change of operating profit (EBIT) of firm i; %∆R it -yearly percentage change of operating revenue (R) of firm i; β 0 -constant term; β 1 -estimated parameter of DOL; α i -individual effects, part of variability of variable %∆EBIT it , which is characteristic only to the firm i (N is the total number of effects); ν t -time effects, part of variability of variable %∆EBIT it , which is characteristic only to time period t (T is the total number of effects); υ it -disturbance term.
In case of panel models a couple of assumptions and tests before valid estimation begins must be made. First of all it was assumed that a one-way (individual) panel model would be used as the interest lies in a comparison of two subperiods (crisis period vs. post-crisis period). This means that time effects were not tested explicitly before a decision was made about the panel model, but after the estimations were made the differences in estimated DOLs were tested as to whether they are significant (which is explained later in the text).
Secondly the Hausman test was employed in order to decide whether fixed or random effects estimators for the equation (3) should be used. The null hypothesis assumes that the preferred model is the random effects model (Greene, 2000) , which means that unique errors (υ it ) are not correlated with regressors. Thirdly the Breusch-Pagan Lagrange multiplier test was employed (Breusch & Pagan, 1980; Baltagi & Li, 1990) to decide whether the random effects model or a pooled OLS regression should be used. The null hypothesis assumes that the variance across the companies analyzed is zero (which means no individual effects).
Finally the authors decided to estimate the equation (3) in three different forms. First, no individual effects were assumed and the equation (3) was constructed using a pooled model in the following form:
%∆EBIT it -yearly percentage change of operating profit (EBIT) of firm i; %∆R it -yearly percentage change of operating revenue (R) of firm i; β 0 -constant term; β 1 -estimated parameter of DOL; υ it -disturbance term. Secondly a random effects model was constructed, which results in the equation as follows::
%∆EBIT it -yearly percentage change of operating profit (EBIT) of firm i; %∆R it -yearly percentage change of operating revenue (R) of firm i; β 1 -estimated parameter of DOL; α i -unknown intercept for each entity (N firm-specific intercepts); Finally a fixed effects model was used, which resulted in the following equation:
%∆EBIT it -yearly percentage change of operating profit (EBIT) of firm i; %∆R it -yearly percentage change of operating revenue (R) of firm i; β 1 -estimated parameter of DOL; α i -unknown intercept for each entity (N firm-specific intercepts); υ it -disturbance term. After the estimations were made two more tests were applied. Firstly, the Baum test (2000), which calculates a modified Wald statistic for groupwise heteroskedasticity in the residuals following Greene (2000) in order to verify if errors are homoskedastic. 4 Secondly, that written by Drukker (2003) Stata program using Wooldridge test for autocorrelation in panel data models was applied (Wooldridge, 2002, pp. 282-283) in order to verify if there is no autocorrelation in errors.
Database, variables and statistics
For the purpose of this research annual data on 851 listed companies over the period 2006-2015 were obtained from the Amadeus database (Bureau van Dijk, 2016) . Data on operating revenue (R) and on operating profit (EBIT) was extracted. In order to calculate DOL according to the formula (1) the yearly percentage changes of operating revenue (R) and operating profit (EBIT) were calculated by means of data converted to natural logarithms. Observations for which there was a positive change in one variable and negative change in the other variable were eliminated. Moreover observations for which, percentage change (in absolute values) of operating revenue was higher than percentage change of operating profit were also eliminated. The authors are aware that the elimination of such observations can influence the results obtained, however the inclusion of observations, which are in contradiction to the theory can bring severe problems with the interpretation as the DOL only contains an interpretation value if DOL is positive and larger than 1.
After all exclusions an unbalanced panel with 1,670 firm-year observations (576 firms) was compiled. In order to test changes of DOL during and after crisis period in different industries the sample was divided into five groups based on two-digit NACE Rev. 2 codes that identify industry classification. Five broad industries were defined: Manufacturing (NACE Rev. 2 code from 05 to 33), EGW (Electricity, Gas and Water Supply, NACE Rev. 2 code form 35 to 38), Construction (NACE Rev. 2 code form 41to 43), Trade (NACE Rev. 2 code form 45 to 47) and Other services (NACE Rev. 2 code form 49 to 96). One more correction was made to the final database. Companies from Other services industry for which the four-digit NACE code was 6420, which are the activities of holding companies were excluded. This was performed to avoid a fuzzy demarcation between industries. After all adjustments an unbalanced panel with 1,627 firm-year observations was achieved (554 firms). Table 1 shows the number of observations (column 3), number of firms (column 4), mean value for change of operating revenue/R (column 5), standard deviation for R (column 6), mean value for change of operating profit/EBIT (column 7) and standard deviation for EBIT (column 8). Based on the entire sample of companies it is worth mentioning that the number of operating companies during the post-crisis period was significantly higher than in the crisis period. The number of observations more than doubled. Surprisingly, the average increase of EBIT was higher in the crisis period compared to the post-crisis period and also to the entire research period. At the same time the standard deviation was lower during this period which means that selected companies were characterized by smaller differences in the growth rate of EBIT. A lower growth of EBIT and higher differences were observed during the post-crisis period. It is surprising because the theory predicts that shortly after the impulse (shock) in the economy, which certainly was the case during the Financial Crisis in 2008/2009, different reactions should be observed among companies. In the case of the operating revenue growth rate a similar pattern of behaviour was observed. Companies had, on average, a higher growth rate of R and also a lower standard deviation during the crisis period when compared with the post-crisis period as well as with the entire research period. It is worth noting that the relative differences (measured by the coefficient of variation) in growth rates of EBITs were definitely higher than the differences in growth rates of operating revenues. In all industries the number of firms and observations was higher in the postcrisis period than in the crisis period. It means that the sample analyzed covers new entrants to the industry, however there are also several cases of those leaving. This means that the final results are not subject to a survivorship bias.
Generally the annual growth rate of operating revenue was higher during the crisis period compared to the post-crisis period at the industry level, with only one exception, which was Manufacturing. In that case firms were characterized by a higher growth rate of operating revenue in the post-crisis period. In the case of differences in growth rates of operating revenue between companies within the same industry a common pattern was observed. In all industries relative differences (measured by the coefficient of variation) in operating revenue growth rates were significantly higher during the post-crisis period than during the crisis period, which is consistent with the observation when considering the entire sample.
In the case of the annual EBIT growth rate there were more differences observed at industry level. Generally the higher growth rates were observed during the crisis period with two exceptions. Again in Manufacturing the observations are the opposite and also in Trade the behaviour of companies was different, however in the case of Trade one can conclude that the growth rate of EBIT was rather stable in the selected subperiods. Relative differences in annual growth rates of EBIT (measured by the coefficient of variation) within industries were consistent in all cases except for Manufacturing with the observation when considering the entire sample. Relative differences were sig-nificantly higher during the post-crisis period than in the crisis period, which is consistent with the differences observed in the annual growth rate of operating revenue. This means that during the post-crisis period companies were more differentiated both in terms of operating revenue growth and in terms of operating profit growth rate.
The analysis based on selected industries revealed further differences in terms of annual growth rate of operating revenue. Companies from all industries, except for Other services were characterized by a lower growth rate than the one observed at the aggregated level. This means that companies from Other services influenced the picture of the entire research sample. In the case of the annual growth rate of operating profit there was no common pattern and results from different industries and results between subperiods are rather mixed. Table 2 shows selected estimates of DOL for Polish listed companies for three periods: the entire research period (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) , the crisis period (2007) (2008) (2009) (2010) and the post-crisis period (2011-2015) using three different methods of estimation: a pooled OLS model (no individual effects), a random effects model and a fixed effects model. 5 Moreover Table 2 contains estimates for the entire sample of companies and is also broken down by industries (Column 1). Column 2 shows the period for which the equation (3) was estimated. Columns 3 and 4 report estimates using the pooled OLS model (equation (4)), Columns 5 and 6 report estimates using the random effects model (equation (5)), Columns 7 and 8 report estimates using the fixed effects model (equation (6)). Afterwards the Modified Wald test for groupwise heteroskedasticity in the residuals was used following Greene (2000, p. 598) and by using the Stata module written by Baum (2000) . In the case of all the estimated equations the null hypothesis was rejected which states that errors are homoskedastic. Knowing that estimators, which are robust to heteroskedastic errors were used. Additionally the Wooldridge test for autocorrelation in panel data models was run (Wooldridge, 2002, pp. 282-283) and it was found that in case of Construction and Trade during the crisis there was no evidence to reject the null hypothesis of no serial autocorrelation 6 . In order to have comparable outcomes for every industry and every period estimators, which are robust to heteroskedsticity and serial correlation of error terms, were used in all cases.
Results
Before one can proceed to interpretation of the results it should be clearly stated that although the results obtained by three different estimators are pre-5 Full statistics are available in the statistical appendix in Table A4, A5, A6, A7, A8 and  Table A9 . 6 Wooldridge test for autocorrelation results are available in statistical appendix in Table A3. sented it is suggested, based on the results of the two tests employed, that the results based on a pooled OLS estimator are the most conclusive. The Hausman test, which compares the random and fixed effects estimations, showed that at the 5% significance level only in the case of EGW industry for the entire period and the case of Trade industry (for all periods) the null hypothesis should be rejected and the fixed effects estimator used. 7 This could suggest that in the majority of cases the random effects model should be used. However the Breusch-Pagan LM test showed that at the 5% significance level only in case of the entire sample (aggregated level) for the crisis and post-crisis periods there are significant in-7 Full statistics are available in the statistical appendix in Table A1 . Notes: * 1-percent level significance; ** 5-percent significance level; *** 10-percent significance level.
dividual effects. 8 In the rest of the cases estimations that were received based on the pooled OLS and random effects model are the same. Based on the above the is no one-size-fits-all estimator and being aware of all the drawbacks and limitations it is suggested that the pooled OLS estimations are the most conclusive.
At the very beginning it should be mentioned that both at the aggregated and industry level statistically significant parameters in all periods for DOL were found regardless of the estimator that was used. Additionally it was checked as to whether the differences in the estimated DOL level obtained between periods for each industry are significant. In order to test the differences in the levels of the estimated DOL a two-sample t-test for the difference between means based on pooled OLS estimations was employed.
9 Only in the case of Construction DOL levels between selected periods are not significantly different. In the rest of the cases estimated DOL levels are significantly different when comparing the entire period vs the crisis period, the entire period vs the post-crisis period and the crisis period vs the post-crisis period. Finally it was checked as to whether the estimated DOL levels for industries (for the entire period) are significantly different. Again, a two-sample t-test for the difference between means based on pooled OLS estimations for the entire period was employed.
10 Based on the results of this test it should be noted that in all cases the differences in DOL levels are different at the 5% significance level.
Disaggregation to the industry level revealed significant differences in the DOL level between companies from different industries. Firms from all industries, except for Trade, had higher levels of DOL in the entire period researched compared to the results, which can be observed at the aggregated level. Comparing DOL levels for the entire period analyzed between industries it was found that the highest level of DOL was observed in the EGW industry, whilst the lowest in was observed in Trade industry.
Regardless of the estimator used it was found that at the aggregated level during the crisis period the level of DOL was higher than during the post-crisis period and also during the entire research period. This means that Polish stock companies were characterized by the highest DOL level during the crisis and by the lowest DOL level during the post-crisis period. The same pattern was observed in all industries, except for Construction and Other services. In the case of the Construction industry differences (as mentioned before) are not significant, whilst in the case of Other services there was an increase of DOL. The sharpest change was observed in Manufacturing, EGW and Trade. In all these cases a decline in DOL level was observed. In case of Construction there was no evidence of significant change, whilst in Other services the change was very small, but positive.
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Conclusions
According to the theory, the higher level of operating risk in the crisis period comes from falling operating profits with constant fixed costs in the short run. After the crisis the DOL level is expected to decrease due to at least two factors. First, EBITs tend to rise. Second, fixed costs may be reduced and adjusted to the diminished level of operating activity (formula (2)). This relationship leads to the first hypothesis: H 1 -operating risk measured by the degree of operating leverage is higher within the period of economic crisis than in the post-crisis period. The results of the panel data model estimation support this hypothesis with statistical significance at the aggregated level.
For almost all industries the response to the Financial Crisis was similar. With the exception of Other services and Construction, for all industries the DOL was higher in the period 2007-2010 compared to the post-crisis period (2011--2015) . This result supports H 1 at the industry level. In case of Construction the phenomenon of no significant change in the DOL level could arise from the fact that some major constructions companies fell into trouble because contracts for the construction of highways and stadiums before EURO 2012 were terminated with a loss. The case of Other services, for which DOL increased after the crisis period, does not support H 1 . The possible reason for this distortion was the dramatic increase of the number of observations and number of companies in the post-crisis period. In the post-crisis period the number of companies doubled and the number of observations tripled. Taking the above into account and also the wide range of activities within Other services the unexpected increase of DOL in the post-crisis period was caused by the structural change of the subsample. Some expected differences between industries were identified. For example, DOL for Trade industry was significantly lower than for other industries, which is exactly what the theory predicts. Unfortunately it is not possible to state the same in the cases of comparisons between Manufacturing -Construction industry and Manufacturing -Other services. The higher value of DOL for the Manufacturing industry supports H 2 only in one of three cases. The stronger support for the H 2 hypothesis comes from the EGW supply industry. Companies within this industry had a higher level of DOL than in Trade, Construction and Other services. The industry with the highest share of fixed operating costs suffers the highest level of operating risk, which strongly supports H 2 .
Apart from the theoretical significance of this particular study, such research may be interesting from the investors' point of view. It may help investors in the decision making process as to the moment of investment and the industry in which they invest. Not only the expected rate of return, but also expected level of operating risk for entire period, as well as for the subperiods should be taken into account. p-value 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0,000 
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